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Converter control system.

A converter control system for DC power transmission ,
line performs the following operation. When the DC current

flowing through an inverter {1B) decreases to a value being

smalier than a rated current value by a value in excess of:a -

predetermined value (E35), a reference voltage value (E14B)
determining the DC voltage of the inverter (1B} decreases. The
decrease of this reference voltage value {E14B) is limited to a
given extent, so that a partial constant current characteristic
portion (j, k in Figure 6) appears at the voltage decreased
portion in the DC voltage/current characteristic of the inverter
(1B). Then, an automatic voltage regulator of the inverter (1B)
is rendered always active.

F1G 4

ol

PREFERENCE CKT

ADVANCED CONT ANGLE

L]

Croydon Printing Company Ltd

oo



FI1G 5

. 22
; SEZZ 3

RN
To 9 . !
I
, TRANSMISSION 33 L |
e J2CONTROL CR el | (32 3 ESP | ;:3{
| [TRANSIISSION 1S _}_m( - - t-—Tor7or 80
! lconTROL ol _1’ £22 35 |
i 3 L
b 1 36 : ]
L E27 26/ iag !
| REF. VALUE I
1 a5 CORRECTION |
i CIRCUIT B
FI1G 6
Etd 9 (b}
dr k) (fr @
o= T
T A}
B Ny VT i
Ed* )
(C)\
o

1d —



10

15

20

25

0129250

KABUSHIKI KAISHA TOSHIBA 84/8762 EPC

Converter control system

The present invention relates to a control system
for converters (inverter/rectifier) of a DC power
transmission line.

Fig. 1 shows a prior art converter control system
for a DC power transmission line. Such a control system
is generally known from the following publication:

International Conference on Large High Voltage

Electric Systems

1980 session (August 27 - September 4)

tilted: "HOKKAIDO-HONSHU HVDC LINK"

by T. Takenouch et al. (Japan)

Details of each element shown in Fig. 1 are known to a
skilled person in the art. 1In Fig. 1, the DC circuit of
a converter 1A is coupled via a DC reactor 23, DC power
transmission lines 3 and a DC reactor 2B to the DC
circuit of a converter 1B. The AC circuit of converter
1A is coupled via a converter transformer 4A and a
circuit breaker 5A to a 3-phase AC power line 6A, and
the AC circuit of converter 1B is coupled via a
converter transformer 4B and a circuit breaker 5B to a
3-phase AC power line 6B. Converter 1A is associated
with an automatic voltage regulator 11A, an automatic
extinction angle regulator 12A and an automatic current
regulator 13A. Converter 1B is associated with an

automatic voltage regulator 11B, an automatic extinction
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angle regulator 12B and an automatic current regulator
13B. Automatic extinction angle regulator 12A is
provided for a prescribed operation that the extinction
angle of converter 1A traces or follows a reference
extinction angle value E18A obtained from a extinction
angle presetter 18A, and automatic extinction angle
regulator 12B is provided for a prescribed operation
that the extinction angle of converter 1B follows a
reference extinction angle value E18B obtained from a
extinction angle presétter 18B.

The value of a detected DC voltage obtained from a
DC voltage detector 15A is properly changed via a
voltage/voltage converter 16A to a value being well
adapted to the control circuitry of Fig. 1. The changed
value obtained from voltage/voltage converter 16A is
used as a DC voltagé detected value E16A. DC voltage
detected value E16A is subtracted in a summing circuit
172 from a reference voltage value El4A obtained from a
DC voltage presetter 14A. Summing circuit 17A supplies
to automatic voltage regulator 11A the difference
between DC voltagé detected value E16A and reference
voltage value El4A, so that the DC voltage of DC power
transmission line 3 at converter 1A side follows the
reference voltage value E14A from DC voltage presetter
14A.

The value of a detected DC voltage obtained from a
DC voltage detector 15B is properly changed via'a
voltage/voltage converter 16B to a value being well
adapted to the control circuitry of Fig. 1. The changed
value obtained from veoltage/voltage converter 16B is
used as a DC voltage detected value El6B. DC voltage
detected value E16B is subtracted in a summing circuit
17B from a reference voltage value El4B obtained from a
DC voltage presetter 14B. Summing circuit 17B supplies
to automatic voltage regulator 11B the difference
between DC voltage detected value El6B and reference
voltage value El14B, so that the DC voltage of DC power
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transmission line 3 at converter 1B side follows the
reference voltage value E14B from DC voltage presetter
14B.

The detected DC current value obtained from a DC
current detector 21A is converted via a.current/voltage
converter 22A to a value being well adapted to the
control circuitry. The converted value obtained from
current/voltage converter 22A is used as a DC current
detected value E22A. DC current detected value E22A is
subtracted in a summing circuit 23A from a reference
current value E26A obtained from a transmission control
circuit 26A. Summing circuit 23A supplies to automatic
current regulator 13A the difference between DC current
detected'value E22A and reference current yalue E26A, so
that the DC current of DC power transmission line 3 at
converter 1A side follows the reference current value
E26A from transmission control circuit 26A.

The detected DC current value obtained from a DC
current detector 21B is converted via a current/voltage
converter 22B to a value being well adapted to the
control circuitry. The converted value obtained from
current/voltage converter 22B is used as a DC current
detected value E22B. DC current detected value E22B is
subtracted in a summing circuit 23B from a reference
current value E26B obtained from a transmission control
circuit 26B. Summing circuit 23B supplies to automatic
current regulator 13B the difference between DC current
detected value E22B and reference current value E26B, so
that the DC current of DC power transmission line 3 at
converter 1B side follows the reference current value
E26B from transmission control circuit 26B.

A current margin value E25A or E25B obtained from a
current margin presetter 25A or 25B is supplied via the
closed one of switches 24A and 24B to the corresponding
summing circuit 23A or 23B. Of switches 24A and 24B,
only the one which allows the corresponding converter to
operate as an inverter is closed. An advanced control
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angle preference circuit 28A receives outputs from
regulators 11A, 12A and 13A. Advanced control angle
preference circuit 28A selects only one of the received
outputs in a manner that the selected one has the most
phase-advanced control angle. An advanced control angle
preference circuit 28B receives outputs from regulators
11B, 12B and 13B, and selects only one having the most
phase-advanced control angle.

It is now assumed that switch 24B is closed while
switch 24A is opened.' In this case, according to the
function of said current margin value and to the
selecting function of advanced control angle preference
circuits 28A and 28B, circuit 28A selects the output
from automatic current regulator 13A and circuit 28B
selects one having the most phase-advanced control angle
of outputs from automatic voltage regulator 11B and
automatic extinction angle regulator 12B. Circuit 28B
generally selects the ocutput from automatic voltage
regulator 11B.

The selected output from circuit 28A is supplied to
a phase control circuit 29A in which the selected output
is converted into pulse signals which determine the
triggering timing of the corresponding converter -1A. -
The selected output from circuit 28B is supplied to a
phase control circuit 29B in which the selected output
is converted into pulse signals which determine the
triggering timing of the corresponding converter :1B.
The pulse signals from phase control circuit 29A are
supplied as gate pulses to converter 1A via a pulse
amplifier 30A. The pulse signals from phase control
circuit 29B are supplied as gate pulses to converter 1B
via a pulse amplifier 30B.

It is conventional to arrange a converter control
system in the manner described above. It is also known
from, e.g., Japanese Patent Publication {(Kokoku)

No. 46-33255 that a typical operation characteristic
curve of DC power transmission utilized in such a
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converter control system becomes as shown in Fig. 2. 1In
Fig. 2, a DC current Id is plotted along the axis of
abscissa and a DC voltage Ed is plotted along the axis
of ordinate. Since it has been assumed that switch 24A
is opened and switch 24B is closed, converter lA serves
as a rectifier (forward converter) while converter 1B
serves as an inverter (reverse converter). The
following description will be made under this
assumption.

A curve having portions (a), (b) and (c) in Fig. 2
represents the characteristic of converter 1A which
operates as a rectifier. A curve having portions (4),
(e), (£) and (g) shows the characteristic of converter
1B which operates as an inverter. The intersecting
point of the curve of (a) to (c) and the curve of (d) to
(g) defines the operational point of the DC power
transmission line. Of portions (a), -(b) and (c),
portions (a) and (b) represents the regulation curve
which depends mainly on the commutating impedance of
converter 1lA. Portions (b) and (c) represents a
constant current characteristic curve obtained by the
actuation of automatic current regulator 13A. Of
portions (d), (e), (f) and (g), portions (d) and (e)
represents a constant current characteristic curve
obtained by the actuation of automatic current regulator
13B. Portions (e) and (f) represents a constant voltage
characteristic curve obtained by the actuation of
automatic voltage regulator 11B. Portions (f£) and (g)
represents a constant extinction angle characteristic
obtained by the actuation of automatic extinction angle
regulator 12B. The difference between a DC current IdA
given by portions (b, ¢) and a DC current IdB given by
portions (d, e) corresponds to the current margin which
is generally set to be 5% to 10% of the rated DC current
(IdA). For instance, if the rated current IdA is set at
10.0 A, the DC current IdB is 9.0 A to 9.5 A.

The reason why the current margin is set at 5% to
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10% of the rated DC current will now be described.

It is assumed that the current margin is set at a
very large value so that no constant current
characteristic appears at converter 1B (i.e., IdB = 0).
In this case, the operation characteristic curve of
converter 1B may be represented by portions (h), (£) and
(g) in Fig. 3. Referring to Fig. 3, portions (h) and
{f) represents the constant voltage characteristic
obtained by the actua?ion of automatic voltage.regulatof
11B. Portions (f) and (g) represents to the constant
extinction angle characteristic obtained by the
actuation of automaic extinction angle regulator 12B.
Meanwhile, the operation characteristic curve of
converter 1A is not changed from the case of Fig. 2, as
indicated by portiomns (a), (b) and (c) in Fig. 3.

An intersecting point (A) of the two operation
characteristic curves defines the operation point of the
DC power transmission line. When the AC voltage of AC
power line 6A coupled to converter 1A decreases under
the above assumption, the regulation curve is shifted
from portions {(a) and (b) to portions (a') and (b') as
indicated by the broken line in Fig. 3. Then, the
operation characteristic curve of converter 1A becomes
one being represented by the portions (a'), (b') and (c)
in Fig. 3. From this, the operation point of the DC
power transmission line is shifted from point (A) to a
point (A') of Fig. 3. 1In this case, only a little DC
current can flow and the power transfer from AC line 6A
to AC line 6B is substantially disenabled. This is a
serious problem.

In order to solve the above problem, the current
margin is generally set at 5% to 10% of the rated
current (IdA). When the current margin is set to fall
within the range of 5% to 10%, the operation
characteristic curve of converter 1B becomes one being
represented by portions (d), (e), (£) and (g) in Fig. 2.
Thus, even when the AC voltage of AC line 6A decreases
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and the operation characteristic curve of converter 1A
is shifted from the portions (a), (b) and (c) to the
portions (a'), (b') and (c) as indicated by the broken
line in Fig. 2, the operation point of DC power
transmission line is changed only from point (A) to a
point (A') of Fig. 2. Thus, power transfer from AC line
6A to AC line 6B can be performed with only 5% to 10%
decrease in the DC current. 1In this manner, to achieve
a stable power transfer with a decreased voltage in the
AC line of a forward converter (rectifier), in a prior
art control system, a reverse converter (inverter) must
always have a constant current characteristic with a
current margin of about 5% to 10% with respect to the
constant current (IdA) of the forward converter. :

When the above prior art control system is applied
to a DC power transmission line, a known technique which
will be described below is applied to the transmission
control circuits 26A and 26B in Fig. 1.

A DC power transmission line is generally provided
with a control circuit for controlling the amount of
power transfer between AC line 6A and AC line 6B. This
control circuit produces a reference current value which
corresponds to a current flowing through the power
transmission line. The reference current value is
supplied to the forward and reverse converters. For the
sake of simplicity, the circuit for controlling the
power transfer is called as a reference current output
circuit 27. An output signal E27 from reference current
output circuit 27 is constantly supplied to transmission
control circuit 26A and supplied, via a transmission
line 19 of a communication system such as a microwave
communication line, to transmission control circuit 26B.

As has been described before, when the currents at
constant current characteristic portions of the forward
and reverse converters are compared, the constant
current characteristic portion (IdB in Fig. 2) of the
reverse converter (inverter) is set to be smaller than
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that (IdA in Fig. 2) of the forward converter
(rectifier) by a value corresponding to current margin
value E25A or E25B. More specifically, current margin
value E25A or E25B is supplied to summing circuit 23A or
23B by proper selection of switches 24A and 24B, and the
converter responsive to the selected current margin
value operates as a reverse converter. Namely, when
switch 24B is closed while switch 24A is opened and if
reference current value E26A of converter 1A is equal to
reference current valﬁe E26B of converter 1B, converter
1B operates as a reverse converter and has an operation
characteristic curve of portions (d) to (g) as shown in
Fig. 2. This characteristic curve is obtained by the
function of the current margin and by the function of
advanced control angle preference circuits 282 and 28B.
It is assumed that, for some reéson, reference
current value E26B of converter 1B becomes larger by a

-value in excess of current margin E25B than reference

current value E26A of converter 1lA. 1In this case,
current IdB of the constant current characteristic
portion of converﬁer 1B becomes higher than current IdA
of the constant current characteristic portion of
converter lA. This situation is eqguivalent to a state
wherein, if reference current value E26B of converter 1B
is apparently equal to reference current value E26A of
converter 1A, the difference between current IdB and
current IdA is supplied to converter 1A as a signal
corresponding to the current margin. This means that
the control mode is changed from one in which converter
1A operates as a forward converter while converter 1B
operates as a reverse converter to one in which
converter 1A operates as a reverse converter while
converter 1B operates as a forward converter. Such a
control mode change is called "power reversal®. When a
power reversal occurs, the power transfer from AC line
6A to AC line 6B is stopped, but that from AC line 6B to
AC line 6A is carried out. This is a serious problem of
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the prior art converter control system.

In the above description, it was assumed that
switch 24B of converter 1B is closed and that the
reference current value E26B of converter 1B operating
as a reverse converter would become larger than that
E26A of converter 1A for some reason. One example of
such a situation will be described below.

Now considerarion will be given to a case wherein
an output signal E27 from reference current output
circuit 27 decreases.' In this case, it is assumed that
transmission control circuits 26A and 26B merely have a
function to transfer or exchange given signals through
microwave communication line 19. Under this assumption,
reference current value E26A from transmission control
circuit 26A is decreased with a decrease in output
signal E27 from reference current ouiput circuit 27
without substantial time delay, but reference current
value E26B from transmission control circuit 26B is
decreased with a certain time delay due to the presence
of transmission line 19 of the communication system. In
this case, regardiess of the fact that normal signals
are constantly transmitted via transmission line 19,
reference current value E26B of converter 1B could
temporarily become larger than reference current value
E26A of converter 1A due to the above signal
transmission time delay. This causes the problem of
said power reversal.

In a prior art converter control system, in order
to solve the above power reversal problem, transmission
control circuits 26A and 26B must have not only the
signal transfer function as described above but also
have the following function. That is, when output
signal E27 from reference current output circuit 27
decreases, the reference current value of a converter to
be operated as a reverse converter is decreased first
and then the reference current value of a converter to

be operated as a forward converter is decreased.
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Conversely, when output signal E27 from reference
current output circuit 27 increases, the reference
current value of a converter to be operated as a forward
converter is increased first and then the reference
current value of a converter to be operated as a reverse
converter is increased. Thus, transmission control
circuits 26A and 26B transfer or exchange their given
signals in a manner that the reference current value of
a converter to be operated as a forward converter is
always kept larger thén that of a converter to be
operated as a reverse converter. In other words,
transmission control circuits 26A and 26B of the prior
art system serve to transfer their signals so that a
necessary current margin is always retained regardless
of the increase or decrease of output signal E27 from
reference current output circuit 27.

To solve the problem caused by a decrease in the AC
line voltage at the forward converter (which has been
already discussed with reference to Fig. 3}, the reverse
converter should have a specific constant current
characteristic whdse constant currnet value is
determined by subtracting the current margin of 5% to
10% from the constant current value of the forward
converter. For this purpose, the current margin value
must be maintained at a certain value. However, when
the communication system fails to normally operate due
to disturbance etc., or when communication via the
microwave communication line is interrupted, the
reference current value determining the amount of power
transfer cannot be properly changed. This would cause a
disadvantageous situation that, even if output signal.
E27 from reference current output circuit 27 changes,
transmission line 19 of the communication system cannot
transmit the corresponding signal change properly. In
other words, the reference current value of a converter
to be operated as a reverse converter could become
larger than that of a converter to be operated as a
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forward converter, resulting in occurring said power
reversal.

It is accordingly an object of the present
invention to provide a converter control system for a DC
power transmission line, which system avoides a power
reversal problem and is capable of stable power transfer
without need for incorporating a constant current margin
maintaining means.

To achieve the above object, a control system for
converters of the invention performs a specific
operation in which, when the DC current of a converter
operating as a reverse converter is decreased to a value
being smaller than a rated current value by a value in
excess of a predetermined value, a reference voltage
value which determines the DC voltage of the reverse
converter is decreased and the decreased voltage value
is limited to a certain extent. Then, a partial
constant current characteristic portion appears at the
voltage decreased portion in the voltage/current
characteristic of the reverse converter, and an
automatic voltage regulator of the reverse converter is
rendered always active, thereby allowing stable power
transfer.

This invention can be more fully understood from
the following detailed description when taken in
conjunction with the accompanying drawings, in which:

Fig. 1 is a schematic block diagram of a prior art
converter control system;

Figs. 2 and 3 show operation characteristic curves
of a prior art DC power transmission line, which are
used for explaining the operation of the control system
of Fig., 1;

Fig. 4 is a schematic block diagram showing an
embodiment of a converter control system according to
the present invention;

Fig. 5 shows details of a reference value
correction circuit (31A or 31B) shown in Fig. 4;
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Figs. 6 and 7 show the operation characteristic
curves, which are used for explaining the operation of
the control system of Fig. 4;

Fig. 8 shows a modification of the embodiment of
Fig. 4; and

Fig. 9 shows another modification of the embodiment
of Fig. 4.

Fig. 4 shows a schematic block diagram of a
converter control system according to an embodiment of
the present invention. The key feature of the present
invention resides mainly in the configuration of a
reference value correction circuit (31A, 31B). Among
all figures, the common reference numerals denote the
common elements having substantially the same functions,
and details of the elements having already been
described with reference to Figs. 1 to 3 will be omitted
hereinafter.

Reference value correction circuits 31A and 31B
respectively receive reference current values E26C and
E26D outputted from transmission control circuits 26C
and 26D. Circuits 26C and 26D may not be necesarily
provided with a function for rendering the current
margin constant, unlike the aforementioned prior art
transmission control circuits 26A and 26B (Fig. 1).
Reference value correction circuits 31A and 31B also
receive DC current detected values E22A and E22B from
current/voltage converters 22A and 22B. Descriptions
regarding the reference currnet values E26C and E26D and
those regarding the DC current detected values E22A and
E22B will be described later. Reference correction
values E31A and E31B obtained from reference value
correction circuits 31A and 31B are respectively
supplied to summing circuits 17A and 17B. Reference
voltage values El14A and E14B obtained from DC voltage
presetters 1l4A and 14B are respectively decreased by
reference correction values E31A and E31B in summing
circuits 17A and 17B.
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The function of reference value correction circuits
31A and 31B will now be described with reference to
Figs. 5 to 7. Fig. 5 shows details of each of reference
value correction circuits 31A and 31B shown in Fig. 4.
For the sake of simplicity, no suffices (A, B) are
attached to the reference symbols.

In Fig. 5, a summing circuit 32 in reference value
correction circuit 31 receives a reference current value
E26 from transmission control circuit 26, a DC current
detected value E22 from current/voltage converter 22,
and a predetermined bias value E35 being set by a bias
presetter 35. Predetermined bias value E35 is supplied
to summing circuit 32 via a switch 36. Switch 36 is
closed when the corresponding converter is to be
operated as a reverse converter. When switch 36 is
closed, summing circuit 32 subtracts DC current detected
value E22 and bias value E35 from reference current
value E26 and supplies a signal E32 representing the
result of the subtraction to an amplifier 33. Amplifier
33 amplifies the inputted signal E32 and supplies an
amplified signal E33 to a limiter 34. Amplifier 33
serves to produce a positive signal +E33 when signal E32
is positive and serves to produce a negative signal -E33
when signal E32 is negative. Meanwhile, limiter 34 has
a function to limit the potential of its output which is
used as reference correction wvalue E31l, so that output
E31 does not become negative when signal E33 is negative
and so that output E31 will not exceed a predetermined
value (+E31P) when signal E33 is positive.

The control system having the above configuration
will operate according to the characteristic curve as
shown in Fig. 6. This will be described below.

As in the description given before, it is again
assumed, in Fig. 4, that switch 24A is opened while
switch 24B is closed. Converter 1A then operates as a
forward converter (rectifier) and has an operation
characteristic curve as defined by portions (a), (b) and
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(c) in Fig. 6. This characteristic curve is the same
as that shown in Fig. 2. Meanwhile, since switch

24B is closed, current margin value E25B from current
margin presetter 25B is supplied to summing circuit
23B. As has been described earlier when explaining
why a current margin of 5% to 10% is reguired, if
current margin presetter 25B sets an excessively large
current margin value so that the constant current
characteristic portion of the reverse converter
disappears, converter.lB has an operation characteristic
curve being defined by portions (h), (f) and (g) as
shown in Fig. 3.

The operation of reference value correction circuit
31B for converter 1B will now be described with
reference to Figs. 4 and 5, wherein switch 36 (Fig. 5)
of reference value correction circuit 31B (Fig. 4) is
closed. Assume that bias value E35 (Fig. 5) is set by
bias presetter 35 to be 5% to 10% of the rated DC
current value, as in the case for the current margin of
a prior art converter control system (Fig. 1l). As shown
in Fig. 5, reference current value E26 (E26D in Fig. 4)
from transmission control circuit 26 and DC current
detected value E22 (E22B in Fig. 4) from current/voltage
converter 22 are inputted to summing circuit 32 of
reference value correction circuit 31 (31B in Fig. 4).
The former reference current value (E26) is normally
equal to the latter DC current detected value (E22).

For this reason, amplifier 33 (Fig. 5) receives signal
E32 having a negative potential corresponding to bias
value E35. Therefore, output E33 from amplifier 33
becomes negative. The value of this negative output E33
is limited to zero by limiter 34, and the limited output
E31 (= 0) is then supplied to summing circuit 17 (17B in
Fig. 4). Then, converter 1B (Fig. 4) operates under a
constant voltage control according to reference voltage
value E14B from DC voltage presetter 14B. 1In this case,
a constant voltage EdX (Fig. 6) corresponding to
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reference voltage value E14B is obtained at the DC
circuit of converter 1B.

Now assume that DC current detected value E22
becomes smaller than reference current value E26 and
further becomes smaller than bias value E35 so that
signal E32 inputted to amplfiier 33 becomes positive.
Then, amplfiier 33 supplies positive signal E33 to
limiter 34. Limiter 34 limits its positive output to a
predetermined value +E31P and provides a limited
reference correction value E31P (E31 in Fig. 4) to
summing circuit 17B (Fig. 4). Summing circuit 17B
provides a reference voltage value E17B which is smaller
than reference voltage value El4B by limited reference
correction value E31P. Reference voltage value E17B is
supplied to automatic voltage regulator 11B. Then, the
DC voltage at converter 1B side is decreased according
to limited reference correction value E31P.

As described above, when DC current detected value
E22B is decreased below a value which is smaller by bias
value E35 than reference current value E26D, the
potential of reference correction value E31 becomes
positive and reference value correction circuit 31B
serves to decrease the reference voltage value El17B.

The partial constant current characteristic of portions
(k) and (3j) in Fig. 6 is thus obtained. (Incidentally,
the actual inclination of the characteristic curve of
portions (k) and (j) can be changed by changing the gain
of amplifier 33.) When DC current detected value E22B
tends to decrease further, limiter 34B limits the
corresponding increase of reference correction value
E31. 1In this case, converter 1B is operated at a
constant voltage EdY (Fig. 6) which is lower by a value
Ed* than DC voltage EdX corresponding to reference
voltage value E14B. Value Ed* is defined according to a
value (El4B - E31P) which is obtained by subtracting the
limited reference correction value E31lP from the

reference voltage value E14B. Constant voltage
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characteristic of portions (j) and (i) in Fig. 6 is thus
obtained.

As is understood from the above description, the
operation characteristic curve of converter 1B becomes
one having portions (i), (j), (k), (£) and (g) as shown
in Fig. 6. According to the present embodiment, the DC
power transmission line operates at point (A). Point
(A) is defined by the intersection of the operation
characteristic curves.having portions (a), (b) and (c)
of converter 1A (forward converter) and that having
portions (i), (j), (k), (£) and (g) of converter 1B
(reverse converter). Thus, the operation point of the
DC power transmission line according to the present
embodiment remains the same as point (A) in Fig. 2.

As was considered in the description of the prior
art converter control system, it is also considered here
a situation wherein the AC voltage of AC line 6A of
converter lA is decreased. As has been described
before, when the AC voltage is decreased, the operation
characteristic curve of converter 1A is shifted from one
having portions (é), (b) and (c) to one having portions
(a'), (b') and (c), as indicated by the broken line in
Fig. 6. In this case, stable power transfer by the DC
power transmission line is effected at point (A').

The mode of operation wherein the communication
system fails to normally operate due to disturbance
etc., will now be described with reference to Fig. 7.
The operation characteristic curve of converter 1A
(forward converter) is assumed to be one having portions
(a), (b) and (c) as shown in Fig. 7, while the operation
characteristic curve of converter 1B (reverse converter)
is assumed to be one having portions (i), (J3), (k), (£}
and (g). The operating point of the DC power
transmission line is given by a point (B). Point (B) is
obtained at the intersection of portions (b, c) and
portions (k, £) in Fig. 7.

As has been described, transmission control
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circuits 26A and 26B of the prior art control system
must have a function for maintaining a constant current
margin. However, in the control system of the present
invention, such a maintaining function need not be
incorporated. It is sufficient to the present invention
that an output signal E27 from reference current output
circuit 27 is properly transmitted, received and
memorized. As was described with reference to
transmission control gircuits 26A and 26B in Fig. 1, in
order to constantly maintain a certain current margin,
reference current values E26A and E26B are generally
memorized in transmission control circuits 26A and 26B
when reference current values E26A and E26B are supplied
to summing circuits 23A and 23B. For the sake of
simplicity, it is also assumed in the present invention
that reference current values E26C ahd E26D are
memorized in transmission control circuits 26C and 26D
(cf. 26 in Fig. 5).

Under the above assumption, immediately before the
communication system fails, transmission control
circuits 26C and 26D respectively memorize the reference
current values corresponding to the DC current at
portions (b) and (c) in Fig. 7.

When output E27 from reference current output
circuit 27 decreases, reference current value E26C of
converter 1A aiso_decreases. Then, the operation
characteristic curve of converter 1A is shifted from one
having portions (a), (b) and (c) to one having portions
(a), (b') and (c') as indicated by the broken line in
Fig. 7. At converter 1B, when DC current detected value
E22B becomes smaller than the memorized reference
current value E26D by a value in excess of bias value
E35, reference value correction circuit 31B serves to
decrease the DC voltage of converter 1B. However, since
the decreased amount of reference voltage value El7B is
limited to a certain extent according to the limiting
operation of limiter 34, the operation characteristic
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curve of converter 1B becomes one having portions (i),
(3), (k), (£) and (g) which is the same as that obtained
before failure of the communication system. Thus, an
operating point (C) which is defined at the intersection
of portions (b'), (c') and portions (i), (3j) in Fig. 7
is obtained.

A case wherein output E27 from reference current
output circuit 27 is increased will now be described.

In this case, the operation characteristic curve of
converter 1A is shifted from one having portions (a),
(b) and (c) to one having portions (a), (b") and (c"),
but the operation characteristic curve of converter 1B
is not changed from one having portions (i), (3}, (k),
(f) and (g). This operation characteristic curve of
portions (i) to (g) is the same as that obtained before
the failure of the communication system. Thus, the
operating point of the DC power transmission line in
this case is given by a point (D) which is defined at
the intersection of portions (b"), (c™) and portions
(k), (£) in Fig. 7.

As has been described, when the prior art
communication system using transmission line 19 fails,
the power transfer amount between converters 1A and 1B
is unsuitably fixed. However, disadvantages due to such
an unsuitable fixation can be removed by the present
invention. Thus, as may be seen from Fig. 7, according
to the control system of the present invention, stable
operating points (B, C, D) can be obtained with a change
in output E27 from reference current output circuit 27.

In the above description, for the sake of
simplicity, it has been assumed that each of
transmission control circuits 26C and 26D is provided
with a means for memorizing the reference current values
E26C and E26D. If transmission control circuits 26C and
26D are not provided with such a means, reference
current value E26D of converter 1B disappears when the
communication system of transmission line 19 fails.
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When such failure occurs, the operation characteristic
curve of converter 1B becomes one having portions (i"),
(k), (f) and (g) as shown in Fig. 7, which is the same
as that having portions (h), (f) and (g) in Fig. 3.
Thus, even if the abovementioned memorizing means is not
provided, unless the AC voltage at the forward converter
side decreases substantially, stable power transfer can
be performed.

When the control system of the invention is further
provided with a means for detecting a failure of the
communication system and also with a means for setting
the reference current value of a reverse converter to be
larger than the rated DC current, the resultant
operation characteristic curve becomes one having
portions (i), (3), (£') and (g) as shown in Fig. 7. 1In
this case, as may be seen from the operation
characteristic curve of Fig. 7, stable power transfer
can be performed, provided that decrease in the AC
voltage of the forward converter is not so large.

In the above description, reference correction
values E31A and E31B from reference value correction
circuits 31A and 31B are respectively supplied to
summing circuits 17A and 17B so as to decrease reference
voltage values El7A and E17B of automatic voltage
regulators 11A and 11B. 1In addition, the decreased
amount of each of reference voltage values E17A and El17B
is limited to a predetermined value according to the
operation of limiter 34 shown in Fig. 5.

On the other hand, as shown in an embodiment of
Fig. 8, reference correction values E31A and E31B from
reference value correction circuits 31A and 31B may be
respectively added in summing circuits 80A and 80B to
reference extinction angle values E18A and E18B from
extinction angle presetters 18A and 18B. Summing
circuits 80A and 80B supply the added results E80A and
E80B to automatic extinction angle regulators 12A and
12B, respectively. When added results E80A and E80B are
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increased by reference correction values E31A and E31B,
the extinction angle values of converters 1A and 1B are
also increased. Then, the DC voltages of converters 1A
and 1B are decreased. In this case, similar operations
as that described with reference to the embodiment of
Fig. 4 can be obtained.

When the control system is designed to increase the
reference extinction angle values as described above,
automatic voltage regulators 11A and 11B can be omitted,
as the case may be.

The configuration of the emboiments of Figs. 4 and
8 may be combined as shown in Fig. 9. In Fig. 92,
reference correction value E31A of converter 1A is
supplied to summing circuits 17A and 80A, and reference
correction value E31B of converter 1B is supplied to
summing circuits 17B and 80B.

In summary, when the DC curfent at the reverse
converter side becomes smaller than the reference
current value (E26D) of the reverse converter (1B) by a
value in excess of a predetermined value (E35), the
reference voltage value (E17B) for the automatic voltage
regulator (11B) is decreased (Fig. 4 embodiment).
Alternatively, the reference extinction angle value
(E80B) for the extinction angle regulator (12B) may be
increased so as to decrease the DC voltage at the
reverse converter side (Fig. 8 embodiment). In
addition, the decreased value of the DC voltage is
limited to a certain extent by the operation of limiter
34 (Fig. 5). With this configuration, even if the AC
voltage of the forward converter is decreased, stable
power transfer can be effected.

In a prior art converter control system,
transmission control circuits must have a function for
always maintaining a certain current margin. On the
contrary, a converter control system of the present
invention need not have such a current margin
maintaining function. In addition, in a prior art
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converter control system, if the communication system
fails, the power transfer amount cannot be changed. On
the contrary, even if the communication system fails,
the control system of the present invention allows a

proper change of the power transfer amount.

D
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Claims:

1. A converter control system comprising:

first converter menas (1A, 28A-30A) for converting
AC electric energy from a first AC power line (6A) into
converted DC electric energy, said first converter means
(1A) being located at a first given place;

DC power transmission means (3) for transmitting
the converted DC electric energy from said first
converter means (1lA) to a second given place which is
different from said first place, and providing
transmitted DC electric energy at said second given
place;

second converter menas (1B, 28B-30B) located at
said second given place, for converting the transmitted
DC electric energy from said DC powef transmission means
(3) into converted AC electric energy, and supplying the
converted AC electric energy to a second AC power line
(6B);

current regulator means (13A, 21A~23A) for
actuating said first converter means (1lA) to determine
the amount of a DC rated current (Id at point A in
Fig. 6) flowing through said first converter means (1A);
and

voltage controller means (11B, 15B-17B; 12B, 80B)
for actuating said second converter means (1B) to
determine the voltage (Ed in Fig. 6) of said transmitted
DC electric energy,

said converter control system is characterized by
further comprising:

voltage correction means (31B) for actuating said
voltage controller means (11B; 12B) to provide a voltage
change portion (j, k in Fig. 6) in the voltage (Ed) of
said transmitted DC electric energy, so that the voltage
of said transmitted DC electric energy is decreased (EdX
to EdY) at said voltage change portion (j, k) when a DC
current (Id) flowing through said second converter means
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(1B) is decreased.

2. A converter control system according to claim
1, characterized in that said voltage correction means
(31 in Fig. 5) includes:

means (34) for determining the decreased amount
(Ed* in Fig. 6) of the voltage (Ed) of said transmitted
DC electric energy at said voltage change portion (3,
k), so that the decreased voltage of said transmitted DC
electric energy is fixed to a prescribed value (EdY).

3. A converter éontrol system according to claim
1, characterized by further comprising:

detector means (21B, 22B) coupled to said second
converter means (1B), for detecting a DC current flowing
through said second converter means (1B) and providing a
DC current detected value (E22B) corresponding to the
amount of said DC current; and .

reference current means (26D) for generating a
reference current value (E26D),

characterized in that said voltage correction means
(31 in Fig. 5) includes:

difference means (32) coupled to said detector
means (22B) and said reference current means (26D), for
providing a difference value (E32) corresponding to the
difference between said DC current detected value (E22B)
and said reference current value (E26D); and

limiter means (33, 34) coupled to said difference
means (32), for supplying said voltage controller means
(11B, 17B) with a reference correction value (E31B)
which corresponds to said difference value (E32) and is
limited within a prescribed range (0 to +E31P), so that
the voltage (Ed) of said transmitted DC electric energy
is changed at said voltage change portion (j, k)
according to the limited prescribed range (0 to +E31P)
of said reference correction value (E31B).

4. A converter control system according to claim
3, characterized in that said voltage correction means
(31) further includes:
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bias means (35, 36) coupled to said difference
means (32) for biasing said difference value (E32) so
that said reference correction value (E31B) tends to one
side (0) of said limited prescribed range (0 to +E31P).

5. A converter control system according to any one
of claims 1 to 4, characterized in that said voltage
controller means (11B; 12B) includes:

voltage regulator means (11B, 15B-17B) for
defining, according to a reference voltage value (El4B),
a constant voltage poftion (k, £ & i, j in Fig. 6) in
the voltage (Ed) of said transmitted DC electric energy,

and characterized in that said voltage correction
means (31B) functions such that, when a DC current
flowing through said second converter means (1B) becomes
smaller than said rated DC current (Id at A) by a value
being in excess of a predetermined value (E35), said
reference voltage value (E14B) is decreased and the
decreased amount of said reference voltage value (E14B)
is limited to a certain extent.

6. A converter control system according to any one
of claims 1 to 5,.charaCterized in that said voltage
controller means (11B; 12B) includes:

extinction angle regulator means (12B, 80B) for
defining, according to a reference extinction angle
value (E18B), a voltage decay portion (£, g in Fig. 6)
of the voltage (Ed) of said transmitted DC electric
energy.

and characterized in that said voltage correction
means (31B) functions such that, when a DC current
flowing through said second converter means (1B) becomes
smaller than said rated DC current (Id at A) by a value
being in excess of a predetermined value (E35), said
reference extinction angle value (E18B) is increased and
the increased amount of said reference extinction angle
value (E18B) is limited to a certain extent.

7. A converter control system according to any one

of claims 1 to 6, characterized in that each of said
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first and second converter means (1A, 1lB) is operated as
either one of a rectifier and an inverter,

said converter control system further comprising:

second current regulator means (13B, 21B-23B) for
actuating said second converter means (1lB) to determine
the amount of a DC rated current flowing through said
second converter means (1B) when said first converter
means (lA) is operated as the inverter while said second
converter means (1B) is operated as the rectifier.

8. A converter control system according to claim
7, characterized in that said converter control éystem
further comprises:

second voltage controller means (11A, 15A-17Aa; 123,
B0A) for actuating said first converter means (1lA) to
determine the voltage (Ed) of DC electric energy
transmitted from said second converter means (1B) to
said first converter means (lA) when said first
converter means (lA) is operated as an inverter while
said second converter means (1lB) is operated as a
rectifier.

9. A converter control system used for
inverter/rectifier of a DC power transmission line (3)
which is provided with an automatic current regulator
(13), an automatic extinction angle regulator (12) and
automatic voltage regulator (1l1l), the opération of said
converter control system being characterized in that,
when a DC current at the inverter (1B) becomes smaller
than a DC rated current of the rectifier (1lA) by a value
being in excess of a predetermined value (E35), the
value (El4) of a reference voltage of said automatic
voltage regulator (1ll) is decreased and the decreased
value of the reference voltage is limited to a certain
extent. '

10. A converter control system used for
inverter/rectifier of a DC power transmission line (3)
which is provided with an automatic current regulator

(13) and an automatic extinction angle regulator (12),
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the operation of said converter control system being
characterized in that, when a DC current at the inverter
(1B) becomes smaller than a DC rated current of the
rectifier (1A) by a value being in excess of a
predetermined value (E35), the value (E18) of a
reference extinction angle of said automatic extinction
angle regulator (12) is increased and the increased
value of the reference extinction angle is limited to a
certain extent.
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